Ionizing radiation but not anticancer drugs causes cell cycle arrest and failure to activate the mitochondrial death pathway in MCF-7 breast carcinoma cells.
There is considerable evidence that ionizing radiation (IR) and chemotherapeutic drugs mediate apoptosis through the intrinsic death pathway via the release of mitochondrial cytochrome c and activation of caspases -9 and -3. Here we show that MCF-7 cells that lack caspase-3 undergo a caspase-dependent apoptotic cell death in the absence of DNA fragmentation and alpha-fodrin cleavage following treatment with etoposide or doxorubicin, but not after exposure to IR. Re-expression of caspase-3 restored DNA fragmentation and alpha-fodrin cleavage following drug treatment, but it did not alter the radiation-resistant phenotype of these cells. In contrast to the anticancer drugs, IR failed to induce the intrinsic death pathway in MCF-7/casp-3 cells, an event readily observed in IR-induced apoptosis of HeLa cells. Although IR-induced DNA double-strand breaks were repaired with similar efficiencies in all cell lines, cell cycle analyses revealed a persistent G2/M arrest in the two MCF-7 cell lines, but not in HeLa cells. Together, our data demonstrate that caspase-3 is required for DNA fragmentation and alpha-fodrin cleavage in drug-induced apoptosis and that the intrinsic death pathway is fully functional in MCF-7 cells. Furthermore, they show that the radiation-resistant phenotype of MCF-7 cells is not due to the lack of caspase-3, but is caused by the failure of IR to activate the intrinsic death pathway. We propose (1) different signaling pathways are induced by anticancer drugs and IR, and (2) IR-induced G2/M arrest prevents the generation of an apoptotic signal required for the activation of the intrinsic death pathway.